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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce damage to a 
light output end surface when a protective film is 
formed, and restrain generation of a leakage current. 
SOLUTION: When the protective film is deposited on 
the light output end surface 51a. an Si film 52a in 
which oxygen is not decomposed and generated is 
formed previously. Film formation in the vicinity of the 
end surface 51a is performed in the state that an 
oxygen partial pressure is low from just after the 
deposition is started. When the protective film 52b i 
deposited, oxygen is decomposed from deposition 
material AI203, and the oxygen partial pressure is 
increased, the oxygen is prevented from colliding 
against the end surface 51a or combining with it, so 
that the damage to the end surface 51a is reduced 
when the protective film is formed. The thickness of 
the Si film 52a is made thin to be about 20 &angst;. 
As a result, generation of the leak current in the Si 
film 52a (or the end surface 51a) is restrained, and 
adverse influence on oscillation characteristic is prevented 
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±iE s mtt^ mMi^ 99.99 %&.±X'$}?) z t ^mn. 
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±l5«^M2a. 2bro^)?d(C>!t1-:55lt*(4I36 

\:.7r^-fi:^Km\:ir^ (i&L. mSKS A = 7 8 
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10 0 0 31 laetCliixlf^ ±IEKSIlR2a. 2bro^ 
diri^Ife-f, Slt^tt«SII^2a, 2b;)SSSl>»^(o^ so 



2 

<5> ^WttSSffila. lb)J;t)'{>/h$<'ii:5o ^LT. 3t 

^WKff (Btfr* n X ^J|[ d ) ;45 ;i / 4 (D^Sfc{§«^^(c 

co^^Jc:Slt^«i*:SK 2 a, 2 hmmi i BSI^ C(c 

/^So Zil\%. «Slli2a. 2btDJBtlf*(l. 6 0)*SGa 
As U— y :/ 1 OffiSf ^ ( 3 . 5 0 ) ± •? /h $ V ''fc «) t? 

[0004] rtvtC>!tLT. iiW^lk^l^, 2\^<r>WSx 
^iSSGaAsU— y^f^^y 1 offlSf^J; ►) t.:*:t V'^-g- 
m^\-t. -^^^1^23, 2bi: LTSi^^fflV^ttJiKiPfr 
j«)e>-fS#t^«i^»M2a, 2b;^5S^^^S^J; 9 t^C^V^) 

±IE7t^¥WK)¥;<»U/2roS^fS(7>«^ 

tC:S«-*«<*:tt^ 2 a, 2 bA5«V t I&IB] CtC/i 

[0 0 0 51 ?fem;'3^S2 OmW«±Wifttti;^ij^««i:^- 

^n=l-<r>%^\z.\t^ lazjc^-f-i^f-. -«J6*Jf-tt*ai 
Itffiffi (MSB) ^ <^3tffi;'3 P f ^i* < -t-S 
aEffiWffiffil la«(^*3(tS<S:»8Sl 2 a(DSlt*Srfi&ai 
^1 2a;i5«E^^^^j;^) t{g:< mttlttSSSl IbWc 
*s»t5»BII!il 2broRlt^S:^S|IKl 2b>is«|v^»^J; 

m*tS8ffil la®{SSi^(Al203) 1 2a©Slt*^*?)l 

7 0 0 A~ 1 6 0 0 AT'fc^o 

[000 61 *fc. ±IEmffi*fffiffi 1 1 bWi*«K 12b 
14. u— t^'5f"-yyl IWEtff^J;?) 'b;^#/^®lff*S:* 

;S5#?jtL^ci\ ^-rofcfeic. ^igl 4*Jj:T>*^3gl 
6i:bTJi:$;i/4«Al203^^r. |g2Jil 5*5j;U«m 
4»i 7 t \^xn.^xi ^nr^^ivvrT^Si^nM-t 
5o -eUT. *«t;i. ^5®1 8i:LTJ|[$A./2<DAl 

8 5%«Ji£0i«S^^W{S»Ml 2h^r^^-fi>Zti>^ 

[0 0 0 71 m^. ^'m'^\- — ^'}-vf\<r:>%^^^m 

la, Ibtc. ±iSLfcJ:5'^fRlt*^*-r2.i*Sll^2a. 
2 bS:ff$j|gi--5*-fefcov^-Cjig'<S„ 
[0 0 0 81 5te-f, ia8{r^^i5«::s tf^^ 

i/N2 1 {r*5{t5eic<73*^COmffi2 2 

©m#2 3 h<r>m^. 2 4 icKs^-r^) 

(ciM^Et- -5 #F*^ 2 5 <Sr ;^ y i o -C Ji^^i- 
5. ^b\^tL%^ lll9t:i^-tJ;9l^. ij^^j^i^u—if 
/^2 1 ^r^MLT^^ool^— tJ-V<-(/<5-:f^liro^— tf 

[0 0 0 91 5!5c{c, 111 0tC;^i-J;ptC, ^^fJ^ttfeS 
IScD 1^— if 2 6?:. u— if S^'^g 2 7 dUffi 
2 2 ^a*3i-C-fe -y M-^o ^(7):»-g-. ISTcDU'-if/'?- 
2 61CIIL-C. ai#tSffi2 8aS.t;«mi**Sffi2 8b;0S|^C 

2 7 »;H;t$4xfc u-ifv<- 2 6 n^mmm 2 8 a, 2 8 
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^, m 1 1 icm^wic^-r i p tm^mm 

7 srm(sfi?-r-5fc«>w4^/w^-3 2 tmmmm 

10 0 1 oj tAT, ±IE«aiK(OJi^fie^^lKiio^^-cift§^ 
6 (DffiMigffi 2 8 a;«S(S) < J; 9 ICTf^/l^y- 3 2 ^^gf 

^Ig^itT. V— ¥01UltffiB2 8ali»llllI5r^«-r 

?>o ag«^T^, 5itgE#*/wy-3 2^i 8 0° wim 

|SI^JC:LTm#t«ffi2 8blCiS|Slli[Sr^«-r5W 
[0 0 1 U wCT% ±IEiS53tWltiagffi2 8a, 2 8b{c: 

»A/sec~ 3 0 A/secCDrBl(C^^$tl5<D!55— ^e6*)T-fc 

[0 0 121 ia7{c:^-ri*;ai;^^^7'©i|i*{*:u— •j'^ 

iUittSS® 1 1 affl|w®S»t(5*t^*^ 1 
i^ffi 1 1 bfii|<0#SS;Slt«»K 1 2 bO^^Srfif p o r 

(o^mmmfti^mmi 2b«, j9$A/4{cffis-t-5Ai2 

(^tgS-t-SSi^-C'^SS^2Sl 5tJj;C/^4a 1 7 
J?$A/2ICtBa-f-SAl203MT'^6m5gl 8 t 

^m^ii. mMMS 1 {:;iilKif«-|;|-3 5 t LTAl 2O3 
iSii:5:^«L, Al203)^T-^SSmiS l 4,^3S 
1 6*5J:t>*l|5gl 8 5r^«-f-S»^lc:Ji, ^*tt^A 
l203l3m^-tf-ASr^«U. Si^-Cfig5ll2gl 5*J 

lOOl 31 iS5Hi;^^-i'r<OJ|«^*ft:t'— 

*si,^T, ff«tti6j±<ofc«)ic, mi 2icmi-xoiz, S 

iOf»ie^^>45ii5i'^r i^^iJfflUT, ^-^-'5^2/^4 1 
«±ffiltiffiffi4 latti|ir»^lK4 2aSrffM-rs^{::, HR 
e»s^Oil;^^Sili^4 4 Sr5felc:mLfcmicl£S#t»t8l 
1^4 5«rJ^fi)ti-5;^jfe/iS«Sg$ix-CV^-5M#Ba¥i - 2 



8 9 28 9^^«)o i^i. 4 2bli^lg4 6.II2S4 

7,^3B4 8.^4J14 9io<tO!^5®5 0^^e>^5m 
mWSffiti 4 1 b{||<D#.Sil5SW»»^-Cfc ►) , 4 3 fiffi 

[0 0 141 rw4i^. ilB^iS^it:^— 
J;oT±tt}#tffi354 lai£fi|T-M4LfcfK^5, Si)K4 4 
t^J:oT^ij*J;<;«cift$ix, J;5^i»^^^^- 
X / 4 SSC^Jfefif^-eti*^] 5 3 2 A) -cfoSo 
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•r^iioh. ^«{C<toTl/— tf^yT'l. 1 KD^SJ^ 

2a, 2b, 1 2a, 1 2h^i^^-r^m^K^ M^mt^Wilk 

J>^h^mm2^, 2b, 1 2a. 1 2b<7)Mi|St-CfeSS?{t:#)(A 
I2O3) i ►) J; o TK^^^<o5>JEds 

S5<^i5„ wCO^^/i^U— lff--;/7°l, 1 l<0«3Dla, 
lb, 1 la, 1 lbi:»5§S3tliigO*f^< wtJCioT, 
SSBla, lb, 1 la, 1 lb(::^><— i^Sr4-^5Wffii4:JS 
20 ^fc, if^s'T'l, 1 icoffiitgs, 1 3ioJ; 

10 0 161 ±ia#F^¥l - 2 8 9 2 8 9#<ii$R 

{4, ■ftffl14f^±cOfc*f^, ±ffiW«ffi4 la;ci^Sjm4 

2aimi^-t^mz.. mGmm<om^^siim4 4^mcw^ 

<D/£V>Si^4 4 4r5fe{cffM-t-ari:r% ^ifMi&a:^ 

t)-bmm^^s.im\'^^mx'i^—*ff--y:^4 lomm^m 

4 lafij^fD^ISSrtTPrtiiSr-tSfc*. Jii^Lfcffi 
I^«ffi4 Ia3fi{3^(r*3(t5^pt— 

[0 0 171 ::ro»^l^J4, ±IESi]^4 4 

(OW-^ams 3 2A<*Ji/4)t7i>J'£*)l?v^fc»«:::> Si 

K4 4[^(3femwsffi)T-y-i!'«»<t/4SB^L. ^^mi^u 
[0 0 1 81 ^:cT% rroMMwB 6*114, ^mmm^m 

[0 0 191 
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[0 0 2 0] ±IE«^icJ;titf, ij^^^f^iU-f-'^s'^tc 

10 0 2 1] ±|Ei|£^f^^-f-'5"s'^*5Al 
10 0 2 2] J;|HSim«>lgff«4 OAU^T-C 

10 0 2 3] ^mmKo^mo^^mi^^-^m'f- 

[0 0 2 4] ±IEfll^{:iJ:n«, ±fBSilKoilSJi:it5 
A£A±-e*>i? J.0 3 0 AEJlTt?fo5fc«), ilBli-iJ'm 

10 0 2 5] ±|S^iro|gB^Wi|^^#ft:^— 

10 0 2 6] ±IB«^icJ;tt«. ±IE^f5i<4^u— !J'^s' 

[002 7] ±iE» 1 (Drnmo^^^mi^^-f^^ 

±iBSi)KSr9 9. 9 9%SX±:<omS.t^i-:i tHim 

[002 8] ±fa«^tC J:tV«, ±IBSi^<7>iJie«J49 
9. 9 9%£Jl±t?fe5. Lfc*SoT, iSv^^i^i/l'^— 

[0 0 2 9] ^2«Be^«^ fsi<Dmm(0!¥^mi^ 

[0 0 3 0] ±fE«^t;iJ:ixtf, ±fE3tailtffiffiwy^ 



[0 0 3 1] ||3tD^0^l4. ^l<^^B^(7?it^»f*: 

[0 0 3 2] ±IB«^K(;lJ:i^(^, ±IE3t!±iltffiffi©^^p« 
-v'^5'>^=c<. E.O, ±IESilKF^fo5VS±±IE7fettl*t 

[0 0 3 3] 

[0 0 3 4] l/-1f5^s/7'ffiS<7?^%SJi^^«(-J:o-C 

20 [ 0 0 3 5 ] ^ ::-C% ±l5{%!ilR?rffMi-6H{l(-. *t5)sf 

mfc, *3^JgO?F^ffi«ct>VT{4, ±fl5SiroK)i:>Sr«^)4 
oAaTtHfe-CSKJi^^-rSo Z.o-ri>^b\iZ.X.o 
X. Si)Krt(3tmit*gffi)lc*5tt5y-^««K<o|iS^Sr 

[0 0 3 6] <^imMmm>mi\t. ^mMcomm 
30 izin^?>i^mi^r^—f^^<o^^^M^^-rc El 1(a) 

{;i^-rJ:5t-, ett«5 3^5T/u5 = '?-^5r-^A/fc'lflBK 

GaAlAsA^Pj^S l^— t^'^f T'S l(03tmltiffiffi5 la 
(C, Ml¥*^2 0 A»Si|g5 2aS:. 1 A/secy.T<Ol$.m 

^^;5S5l^•t"•5:li:<^'iV^Si^5 2a=&5fe(c:Jl^^-t"5 ^ 

w— y-*^s'-7'5 icojtmWiSffis 1 aiafilo^a^£r^T 5 

40 <, gttiiS 3^5T/U5^^'A$:-g-A>^£ffi^GaAlAs 

y-'^-;/:7'5 iT-fco-rt, )tai#t«®5i 

[0 0 3 7] ^pLT, ±|ESiSl5 2a$rfi)cflIL-fcm, 

osX'h^m^ia-i. ^mmmits oA/secS«!5SjS«) 

[0 0 3 8] :i<D^mm5 2b(DI&^'P. ^«tti|SfAl 2 
60 /ioTV^S, L*»L/irASib, 5fetcai'<fcri:<, gEJCS 
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1 ojtffiWffiffi Slat m^wmh L < itf^xfH< w t 

iif£\i\ Ltzi^-oX. 3feffi^ffiffi5 laifi^-ew^^- 
as 2af^(fo5V>i±3tttlltffiSS la)X'<D])~i^mm(D 

10 0 3 91 rrr-, iffiu—f-'^j/y^s 1 W5fcm#+ffi 

55 la(i*J-r^. Si^S 2a2itJ5<S:^K5 2b<0fiK^(i. 

UT<r>Xo\cLxrrOo ■ttit>h. Ilioci^fJ:^ 

^s/:/5 1 (753tmiti«ffi 5 la;4S|^«i!i3 l--l^< ±5 
Jr, 01 uc^i-^-t'Vx^— 3 Ortcos^/wy— 3 2^^-^ 

f-ASrfigStLTlg^S-y^, SiffllS 2aSrfigKi-S. 51 

I 0 0 4 0 1 r 5 UT, ±IE3taiW«B 5 1 aifflO^M 
Lfcg^, Ell {rn^-fJ^/W^^- 32*180° R 
^^-frT. Hi (b)(;i^-f-J;5J-. t 9-;^(^3tWWiS§ 

4aioiOt{S^SI^5 4b<DffM*fel±, ^fettiWffiffi 5 1 a 
(IJt-f- -581^52 a*5 J; t>*i!&ai^ S 2 bmMlfm t ± 

5 4a«r5tetCJ^^^S<^T\ lS^^^i&ie«*>?>SJ5tf5^ffi 

<^{SV^4^ffi-C^^*tT5ri:;i5-e#, ffiESlbi&^-C 

4a<D/5:$(i*t)2 0 Ai;J»^^9»V''„ ^<Dtc^\Z^ Si^ 
5 4a(^(*)5V>tt3ttti#t«8aD5 lb)T-(Oy-^S«E«>« 

10 0 4 11 <%2 %m<r>wm>m 2 fi, 3^iiJs<oji^® 

(0 0 4 21 5tffi;'3J55*^j2 0inWiy,±(Oii5m;^^jit*t:^ 

56 lafflll;i»f)»5tm;^^Sril5<i-5fc«>{c, lartl^^ 

tblt«[i6 lb{IISria!Rttt-t-5J:5(3Lrv^5, 
[0 0 4 31 -eo#^{^*5(tS±f5»§|l^^sfi: LTA 
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^ttjl^acE^Ii|<0{^!f)iS{±Al203CD*S)^r-Ji^^L. ^ 

SSifi* A. = 7800At L-CffSSE-r 5 1 > RW^iiSi^ 
1 S%JiJlT(C*fJj:f SIK<¥T«**J7 0 0A~1 6 0 OA 
>o i:/.C-5(l2I6#fi8). 

[0 0 4 41 2f:||lSfe<Dfl^^{ci3l,''T(±. i^Lfcrt 

< , H 2 tc^-r i 0 jw, ±i5±ffi««s 6 1 m<oi$im 

IK 6 2?:. migitecD^fficoS-^tl^mic, SgS:d5)f^)2 
OAWSiKe 2ai:Al203<7?lg;S#tftSIK6 2bi:<D2 

<mmxh^, 

(0 0 4 si ^(Om-^. ±E^ffi#*ffiffi6 lafiiJirglL 
Tl±. teSmSllKe 2bt±ttil*«ffi6 latCOFBlt;iS 
ilBI 6 2 aSre^A/fc*«itTfc •? , 0 7 {i:^^ LfciSRAttSSI 

x.f3tv5o U7i-L/ii65t>. Si8i755^2 0AmS<Ol&^ 

^{kLfc«^-Ct, iSRi^tiftajee 2b»]!gJ?SrSaSi-t- 

5 r t ic J; o -C@ffa<^R#t2^tc-g-i5-a:5 r li^tg-CS> 

(00461 ±§E±ttlWffiffi6 1 affl!l(r*3{t5»^IK6 

2 (D^mii'^^T Ltzm. mi 1 iCTji-ryt^/uy- 32*1 
8 0° Rte$*T. 'f>^-:^co'^m#rffiffi6 ib(r#® 

30 ti. #SigiS*t»SII^6 4Sr. ff:$*SA./4l::fflai-S 

Al203lKT-^fe5l|lJl6 5*3<};U=^3®6 7 JP^ 
;iU / 4 ^ -r S S iJKT'fig 6 M 2 g 6 6 tJ i 4 g 

6 8t, J¥$AU/2{Cffia-r5Al203Wr-fiK5m5g 

■ «Sia6 4«R|+*tt. ^8 5%tiJi(^iaS#t*t?fc 

7{r^i-#gS5R#t{*giBli 2b<o^^ti^fl|-efe5, 

[0 0 4 71 *^lfeoji^fficD»-g-i::t3V^Tt, ilEU'- 

•if ^ 2/ 6 1 w±m»t«® 6 1 aizi^mm e 2 i;^«-r 
40 amc. mmm(oi^^n»mizxoxmmA>^±'ri>:it 
(Df£\,^sm6 2ai:mm^i-zzticj:<3x, mmm 

C0fiEM4-fT5 wt;45-e#5, L7t;5SoT, SiK6 2a<0 
fi)c^4^^CiS5^^:c^/^d?-*:fr■t--5®5^^4Sj{g®6 lai:» 

»m%^Lxmm^s.^-:k^ < ^j:o-c ^-ij-' 

l(D3tti}#t«ffi6 laiiS«»f^tt< 14^05 
so ni?AS:^^fciffifi)tGaAlAs;5>e)fiKS U-f-'5"5'7"6 
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10 0 4 9] <w.^%mmm>mz\i. ^f^mnj^m 

1 hmK^mMKM^m^ e 4 SrffMi-S^i^ t>> H 1 

[0 0 5 0] n^tii''<^<D^m^^-^m'i-nm'^. 

^*Sr?fe>ttSo L75^Lnc;05e>, ^ffiltffiffie IbftiJI' 

6 4 ^0fifei-5 wic t s iM^ji?fi£-r 

[0 0 5 11 *ll^S©J^^lJlfe^^-c^±, |g2iiis©ji^]te 

latrSiffll7 2ai3j;t;f<SRmS^7 2bSrfl^fig-f-5, 

■tpLfcmic. ^tiS*tffiffi7 lbfiii;ct>. 5fe(^tt)54 0 
Ail^T<^SiK7 S^rff^figLfc^. ?l#«^i>T#»i«5 
m»K7 4^ffMi-S(OT'fcS. Na, 

4 (r^SSf 5 Al203lKT'J5ic5^ 1 S 7 6 *5 J:t>'^ 3S 
7 St, li:$;iU/4(Cffi^1-5Si«t?^5l|2Ji7 7 
SD«m4®7 9i:, l?$*U/2{;iffiS-t-SAl203^-C 
^5 ^ 5 S 8 0 i roaHijt{4:-Cib 5o 
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[00 531 t ±IE*5r«:^— !f^^<0^«tt 

\.fz.m-k. Kl?*5 4 0 AroSi^>SrffMUfci^-^t::*3lt 
^ij^^^U— t/^*^(OCODfit«g^^fk^, 3 P y h 

^>:S^Lfct>roT*>2.o ll4tc*^^^T. *liiooo^r.gg 

iaB#vfetCt5(t'5CODffi^H:«i-5i:. ^nyhtt 

2 0A>4 0 A>0A 



S ilg(DlBIJf:A5 2 0 A-efc5:S-&tCS»7tife»JJS»ibtl 

^tcDPBlicjf^j^Jc-fSSi^cOSfJfiii^ 4 0AtAT. a* 
L<{i5 A~3 0 A-Qhii\ti.\i^t^x.^^ 
[00541 JilS#*i6<DJg)!ifC*5V^Tft«-r5 S 
il±. MSA^9 9. 9 9%UI,±(Dt.ro>45a*LV\ *fcV 

10 LT. Al203fc*{tt?f±;fe<, SiO2-^TiO2^«0Sgfk; 
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